Abstract The World Masters Games (WMG) are an international, multi-sport event which, in terms of competitor numbers, is the world's largest. The purpose of this manuscript was to summarize research to date that has been conducted on the WMG cohort. This paper also reports a descriptive and analytical overview of this large sample to document aspects of demographics and health indices for this population. Masters athletes demonstrated significant improvements in health related indices over age matched comparative national populations. Notable among these improvements were body mass index and cardiovascular disease (CVD) risk factors for the majority of participants, with female WMG participants presenting improved scores for CVD risk factors (blood pressure and high density lipoproteins, p < 0.05) and body mass index (p < 0.05) when compared to males. There were also improved lifestyle behaviors such as reduced smoking. A concern was improved health indices might be negated by increased injury from competitive sport at older ages, however findings did not support the premise of masters football code athletes having higher incidence of injury compared to younger athletes. With improved health indices associated with masters competition, it is relevant when promoting physical activity at older ages that the most motivating factor behind participation was socialization with others.
Introduction
As defined by Raeburn and Dascombe (2008) , masters athletes are those systematically training for and competing in organized sporting events designed specifically for older adults. Governed by the International Masters Games Association, the World Masters Games (WMG) are a non-invitational, quadrennial, international, multi-sport
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Research Purpose
The purpose of this manuscript was to summarize key research to date that has been conducted on the WMG cohort, not only a unique and interesting population with relevance to such health concerns as the global obesity epidemic, but also possibly the largest ever sample of competitors from a competitive sports tournament. This paper also provides a high level descriptive overview of the WMG cohort to document various aspects of demographics and health indices for this population.
Methodology
Approval for this study was granted by a university Research Ethics Committee in accordance with the ethical standards of the Helsinki Declaration of 1975 Declaration of (revised in 2008 . The 2009 Sydney World Masters Games Organising Committee approved the project, stipulating the survey must only be provided in an online format so there was minimal disruption to the WMG participants during the WMG. An online survey was created using Limesurvey tm ,
an open-source, web based application to deliver the survey. Filters were used in the participant questionnaires to abbreviate response times. Following pilot testing by investigators, electronic invitations were sent to masters games athletes who provided a valid email address upon registration. The survey consisted of several sections. These sections featured questions related to the following areas: information for participants, a privacy statement, participant demographics, participant medical history (personal and family), past surgical procedures, prescribed
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A Profile of Sydney World Masters Games Athletes: Health, Injury and Psychological Indices medications, physiologic data and psychological participation factors. The Sydney WMG Survey Process is displayed in Figure 1 .
(1)
Total participants 28.676 (Sydney WMG Committee, 2010) . 
Summary statistics and analyses for the Sydney WMG masters athletes sample
This section of the manuscript contains a high level descriptive overview, with some summary analyses for the masters athletes at the SWMG.
Population Pyramids
To get an overview of the study participants, population pyramids were generated to examine the distribution of athletes across the whole sample and also the top five sports (ranking by competitor numbers). The WMG sample population pyramid for the dataset (mean age (yrs) 51.6 (+9.9, range 25 to 91), split by gender (males mean age 53.7 +10.0 years, range 25 to 91 and females (mean age 49.9 +9.1 years, range 26 to 91) is shown in Figure 2 . The population was fairly evenly divided with 51.5% of the masters athletes male and 48.5% female. The most represented nation in the survey was the games host nation, Australia. As demonstrated in Table 1 , the five most represented countries in the survey provided the majority of participants (94.9%). A total of 28 different sports were played at the games with a number of the sports having multiple subcategories. Population pyramids by gender for the top five sports most represented in the survey are shown in figures 3-7. Figure 8 shows the population pyramid by gender for the remaining sports at the games. Given the majority of competitors were from Australia (Table 1) and running, swimming and soccer were among the most popular sports in Australia (Australian Bureau of Statistics, 2010), it is unsurprising that the most popular sports included soccer, swimming and athletics (which encompasses a number of distinct field disciplines as well as track/running disciplines).
Chronic Disease, health and injury summary statistics Summary statistics for key chronic disease and important health summary statistical data are reported in this section for the WMG athletes. The incidence of chronic disorder, surgical procedure, use of prescribed (Rx'd) medications (HTN, hypolipidemic, nonsteroidal anti-inflammatory drugs (NSAID), bronchodilators), as well as the type and nature of injuries sustained during preparation for the games are represented in Table 2 . The impact of injuries was also examined. For those participants that sustained injuries in preparation for the SWMG, those injuries resulted in an average of 47.4 days off training (range 1 to 1,100) and an average of 17.6 days off work (range 1 to 400). Data on lifestyle behaviours such as smoking and drinking was also gathered for the masters athletes. A total of 3.6% of the survey participants were smokers, whilst 17.7% were ex-smokers. Amongst the smokers, the average number of cigarettes per week was 79 (range 1-279). This value is slightly lower (-12.5%) than the A Profile of Sydney World Masters Games Athletes: Health, Injury and Psychological Indices average consumption of adults in Australia (88.9 cigarettes/wk) (Greenhalgh, Scollo, Bayly, 2017) . A total of 73.5% of the survey participants consumed alcohol, with an average consumption of 6.8 standard alcoholic drinks per week whilst 0.8% of participants identified themselves as ex-drinkers. This consumption is well below (-116%) the Australian average of 14.7 standard drinks per week (Australian Bureau of Statistics, 2017).
Summary of published findings to date
In addition to the summary statistics and analyses on the SWMG athletes, further research has involved more granular analysis of this large cohort. Findings to date have furthered the understanding of the complex nexus between aging, physical activity, sports injuries, psychological factors associated with sports competition, health and obesity. Findings published in the literature are summarized in following sections.
Body mass index and obesity
WMG athletes demonstrated significant improvements in various health related indices compared to control groups (including an age matched comparative national population obtained via a data sharing agreement with the Australian Government Australian Bureau of Statistics). Notable among these improvements for masters athletes were body mass index for the majority, but not all participants. Research on SWMG swimmers (9% obese vs. 21% obese as adult national average for Australia) (Walsh et al., 2013b) , basketballers (13.2% obese) (Walsh et al., 2013a) , soccer players (9.1% obese) (Walsh et al., 2012a) and other football code athletes (11.8% obese overall, though 34.3% specifically for male rugby players) (Walsh et al., 2011a) overall demonstrated positive findings.
Due to the large number of participants, these sub-samples of athletes can be considered as representative samples of their sports at the SWMG. Results identified that body mass index (BMI) lay significantly more in the range considered as normal for masters athletes, as compared to a large general population of adult Australians. This finding indicated significantly improved health in terms of one health risk factor for WMG athletes compared to adult Australians. The significant improvement (p<0.001) persisted across seven comparative national populations (for the U.K., summary statistics for three separate populations from each of England, Scotland and Wales were used). It was therefore appropriate to consider that the BMI of WMG athletes was lower than the general population from the constituent countries and that there was not significant causation by nationality for Australia.
Whilst comparison to several international populations was made, it was the Australian population that was of most relevance. The majority of athletes were from the Australian population (74.9%), therefore this population was most applicable, however comparison to the other national populations was made in order to eliminate the possibility of some erroneous effect due to the WMG population being of mixed nationalities. As these other national populations were surveyed in a variety of ways (self-administered questionnaires, investigator administered questionnaires, physical measurements or combinations of these methods) care was taken when comparison was made to the self-administered questionnaire-based data on the WMG athletes. For this reason the Australian Bureau of Statistics (ABS) data using a self-reported heights and weights was appropriate to use, however the trend in difference (p < 0.001) persisted regardless of sampling procedures used in data collection.
Differences in BMI between the different sports at the Sydney WMG games was also investigated. Walsh et al. (2012d) compared BMI for 6,071 masters athletes across all 28 sports at the Sydney WMG. Differences in obesity prevalence were identified between sports (e.g. orienteering 2.51% obese vs. archery 39.13% obese). This may have indicated higher risk for conditions such as type 2 diabetes or heart disease in masters archery, shooting, rugby union, softball and baseball (Walsh et al., 2012d) . However, it was indicated that there are other complex differences between the sports, including differences attributed to increased muscle mass, which would make it inappropriate to make recommendations of preferential participation solely on these findings for one index associated with health (Walsh et al., 2012d) . Coaches of those sports demonstrating increased obesity prevalence were recommended to consider additional weight management strategies in their training regimes, particularly if there is no sporting benefit from increased BMI (Walsh et al., 2012d) .
BMI is an important factor in the chronic disease burden within a population. Various studies have identified many characteristics and biochemical parameters as being significant factors behind obesity and elevated BMI (Das, 2011) , requiring a multifaceted approach to alleviate the current obesity pandemic. Given the complexity of this problem and its connection to inactivity, these findings on this unique cohort of individuals were of special interest.
For a large representative sample of 6,071 athletes competing at the Sydney WMG, it was shown that for both male and female athletes, as well as for the sample as a whole, the more common trend of higher prevalence of higher BMI with increased age was reversed (Walsh et al., 2011b) . Results of polynomial loess regression were closely matched to those of linear regression for the bulk of observational values (40-80 yrs) and showed further reduced BMI predictive values outside this range, though these areas were not as reliable for predictive purposes due to the lower density of observational readings in these areas (Walsh et al., 2011b) . Despite a visually altered array of observational readings across the two genders, consistent negative gradient linear regression lines, as well as consistent loess regression curves were very encouraging results and confirmed the pattern within the data as being more reliable and non-gender specific on a macroscopic level (Walsh et al., 2011b) .
Smoking
Smoking is one of the biggest public health threats and a prominent risk to health globally. Smoking is the most significant lifestyle behaviour as a cause of preventable death. Most prominent of the negative effects of smoking and passive smooking are associated cancer risks. However there are a myriad of negative effects both in terms of health and also social and economic disadvantage. Comparison was made between masters athletes competing in football codes (rugby unon, soccer, touch football) at the world masters games and data from the Australian Bureau of Statistics on smoking prevalence (Walsh et al., 2012b) . In context of the popularity of the various football codes in Australia it was interesting to consider the smoking status of Sydney WMG athletes. It was hypothesised that improved lifestyle behaviours would be demonstrated by masters athletes. Smoking prevalence was lower than global (World Health Organisation) and Australian (ABS) comparitive data. It was possible that improved lifestyle behaviours might have contributed to improved economic status and health, allowing competition at older ages (Walsh et al., 2012b) .
Cardiovascular disease risk
Cardiovascular disease (CVD) risk in Sydney WMG athletes was investigated for significant differences between 1,435 Sydney WMG masters athletes (567 female and 868 male, aged 27-91 years) and the Australian adult population . CVD data was gathered, including data on waist circumference (WC), systolic blood pressure (SBP), diastolic blood pressure (DBP), high-density lipoprotein (HDL), low-density lipoprotein (LDL) and total cholesterol (TC). Key findings included significant differences between genders with females A Profile of Sydney World Masters Games Athletes: Health, Injury and Psychological Indices significantly lower in BMI (-5.3%, p < 0.001), WC (-10.6%, p < 0.01), resting SBP (-5.8%, p < 0.01), resting DBP (-8.4%, p < 0.01), significantly higher in HDLs (+15.2%, p < 0.001) and significantly lower in both the TC:HDL ratio (-12.6%, p < 0.001) and LDL:HDL ratio (19.0%, p < 0.001). Significant differences (p < 0.001) were also identified when comparing WMG lipid results to the Australian general population ( 
North American masters athletes at the Sydney WMG
Further investigation was conducted focusing on North American Sydney WMG masters athletes (n = 928, age 52.6 ±9.8 yrs) identifying as representing USA or Canada DeBeliso et al., 2014) . Chronic disease and disorder indicators reported by participants were significantly lower versus the general US population. Very few (2.5%) reported currently smoking with an average of 65 cigarettes per week, while 13.6% were ex-smokers. Alcohol consumption (82.0% of the participants) averaged 4.7 drinks week, while 0.6% were ex-drinkers. The top five chronic disorders were rheumatoid arthritis or osteoarthritis (10.0%), hypertension (HTN 9.1%), hyperlipidemia (8.0%), asthma (6.5%), and depression (5.3%). Top three operative treatments were knee replacement or repair (12.2%), hernia repair (6.1%), and herniated disc surgery (2.0%). Top four prescription medications were anti-HTN (6.9%), thyroid hormones (6.6%), hypolipidaemic (6.0%), and medications to increase bone strength (5.9%). Prevalence was significantly lower versus the general US population for HTN, hyperlipidemia, arthritis, asthma, and depression (all p-values <0.01). DeBeliso et al. (2014) 
Injury patterns
Despite potential benefits for masters athletes in terms of reduced incidence of chronic disorders and improved indices of general health, there was concern that due to age related changes, increased risk of injury would be associated with highly competitive sport for the aging athlete. For masters football athletes at the Sydney WMG, the injury incidence during preparation for the tournament has similarities to, but was in fact shown to be significantly less than for other competitive sporting populations (Walsh et al., 2013c) . Some gender and sport based differences in injury location and classification type were identified between different football codes (rugby union, touch football (a high participation sport in Australasia, see Walsh, Heazlewood, Climstein, 2012e) ), soccer) (Walsh et al., 2013c ).
There were also no significant age related changes in injury nature (classification type, location, incidence, time off work or training) (Walsh et al., 2013c) . Therefore the premise of masters football code athletes having a higher incidence of injury as compared to younger athletes was not supported (Walsh et al., 2013c) . Further research ) conducted on 7,175 Sydney WMG masters athletes, rank ordered the injury data to compare male and female masters athletes. The rank order of injury location was similar for males and females with the highest ranked injury location being knees or legs. The rank order of injury classification was also similar for males and females with the highest ranked type of injury being a muscle or tendon strain. Injury rates were relatively low for females ranging from concussion (0.1% of injuries) to muscle or tendon strain (8.4%). For males the injury rates ranged from dental or puncture injuries (both 0.1% of injuries) to muscle or tendon strain (12.6%). Climstein et al. (2012) investigated the injury incidence in three diverse, but well represented sports soccer, rowing and swimming at the Sydney WMG. Results demonstrated differences injury patterns between the three sports in terms of location and consequences of the injuries. The injury consequences were measured in terms of days of work and training lost due to the injuries. Climstein et al. (2012) concluded that the incidence of injury was not sufficient to warrant a suggestion to not participate due to injury risk. This finding, similar to Walsh et al., (2013c) , was considered a positive result due to the evidence health benefits from exercise.
Pyschological motivations for competition
With evidence of improved health indices associated with masters competition, it was logical to investigate factors connected with motivation to compete in masters sport. A section of the Sydney WMG survey tool incorporated 56 questions from a psychometric tool the motivations of marathoners scales (MOMS) (Masters, Ogles, Jolton, 1993) . This was selected as past WMGs participants had age ranges with significant overlap to the age ranges used to develop the MOMS survey instrument. Additionally the items identified in the MOMS had been demonstrated in other studies (Ogles, Masters, 2003; Havenar, Lochbaum, 2007) as important motivational constructs.
Socialization with other participants was the most important personal motivation for masters sport participation Heazlewood et al., 2011) . Health and fitness were less important motivators than socializing to these masters level participants, but still stronger than motivating factors associated with competition Heazlewood et al., 2011) . Particularly notable was that as body mass index increased, masters athletes were more likely to be motivated by socialisation as opposed to weight loss (Walsh et al., 2012c) , a finding that could influence marketing initiatives to increase exercise participation at older ages for obese participants. Sevene et al. (2012) examined 1,824 Sydney WMG athletes to determine if their motivations to compete were primarily intrinsic or extrinsic. Masters athletes at the Sydney WMG were equally motivated by intrinsic (e.g. to improve self esteem) and extrinsic (e.g. to earn the respect of peers) factors . Heazlewood et al. (2016a) compared male and female Sydney WMG masters athletes to evaluate similarities and differences in participant motivation. Genders displayed similarities with factors associated with goal achievement, health orientation and affiliation as most important. Discriminant analysis indicated affiliation and competition as most discriminating with females having higher affiliation scores, whereas males displayed higher competition scores (Heazlewood et al., 2016a) . Heazlewood et al. (2016b) examined machine learning procedures for predicting gender from psychological data collected based on motivations to compete at the Sydney WMG. It was demonstrated that using MOMS data, gender for Sydney WMG athletes could be predicted with accuracy of 64.4% (Heazlewood et al., 2016b) using A Profile of Sydney World Masters Games Athletes: Health, Injury and Psychological Indices a multiplayer perceptron neural network (Fausett, 1994) . Walsh, heazlewood, Climstein (2018) slightly increased this accuracy using gradient boosted decision trees (Friedman, 2001; Friedman 2002) . If significant lift in accuracy was obtained, perhaps this could be used to provide a better understanding of the relationship between motivation to compete in masters sport and gender.
Discussion
A record of demographical data, including several indices of health (smoking, drinking, incidence of chronic disease/disorder, surgical procedure, Rx'd medication, injury history) was successfully collected for a large representative sample of athletes who participated in the 2009 Sydney WMG. This data will help allow an understanding of significant factors affecting this unique cohort as well as potential health implications for long-term exercise adherence as recommended by health professionals.
More detailed analysis (as reported in the literature) demonstrated WMG athletes demonstrated significant improvements in various health related indices over other populations as control groups, including an age matched comparative national population obtained from the Australian Government Australian Bureau of Statistics. Notable among these improvements for masters athletes were body mass index for the majority, but not all participants. Females also had lower BMI than male masters athletes. This evidence of improved classification in one index of health (reduced BMI) for masters athletes (when compared to the general population) implied there are either improved levels of this index of health with aging due to adherence to sport or possibly the reduced BMI is advantageous and contributes to this cohort adhering (or being attracted) to masters sport at older ages.
Smoking prevalence was lower than global (World Health Organisation) and Australian (ABS) comparative data. It was possible that improved lifestyle behaviours might have contributed to improved economic status and health, allowing competition at older ages.
As well as gender based differences, significant differences were also identified when comparing WMG lipid results to the Australian general population (Australian Bureau of Statistics data for adult Australians). WMG athletes demonstrated clinically superior TC (4.47 ±1.11 mmol/L), HDLs (1.75 ±0.79 mmol/L), and LDLs (2.92 ±0.96 mmol/L) when compared to Australian general population parameters (TC: 5.07 mmol/L, HDL: 1.34 mmol/L, LDL: 3.13 mmol/L). This gave increasing evidence of improved health in masters athletes. WMG participants demonstrated improved values in a number of CVD risk factors when compared to the general population with female WMG participants presenting improved scores for CVD risk factors when compared to males. Hence, Sydney WMG masters athletes exhibited evidence of superior health when compared to the general population within Australia.
Then trend of improved health indices was reiterated in the reduced prevalence of chronic disease and disorder indicators reported by the North American participants of the Sydney World Masters Games compared to the US population. This included obesity where, the prevalence of obesity was significantly lower in incidence for North American WMG competitors when compared to Canadian and US populations.
With evidence of improved health indices associated with masters competition, it was logical to investigate factors connected with motivation to compete in masters sport. Socialization with other participants was the most important personal motivation for masters sport participation. Health and fitness were less important motivators than socializing to these masters level participants, but still stronger than competition. Particularly notable was that as body mass index increased, masters athletes were more likely to be motivated by socialisation as opposed to weight loss. Males and females displayed similarities with factors associated with goal achievement, health orientation and affiliation as most important. Discriminant analysis indicated affiliation and competition as most discriminating with females having higher affiliation scores, whereas males displayed higher competition scores. This information could perhaps be adopted by those promoting sport and physical activity for people at older ages, in order to encourage participation.
There was concern that due to age related changes, increased risk of injury would be associated with highly competitive sport for the aging athlete. Results demonstrated the injury incidence during preparation for the tournament had similarities to, but was in fact shown to be significantly less than for other competitive sporting populations. Some gender and sport based differences in injury location and classification type were identified. It was concluded that the incidence and consequences of injury was not sufficient to warrant a suggestion to not participate due to injury risk. This finding was considered a positive result due to the evidence for health benefits from exercise.
It has been shown by the research on Sydney WMG athletes, that there is evidenced for improved health within this cohort. Additionally there is not an associated increased risk of injury with these aging athletes. Based on this the promotion of such sport events for older athletes is supported, in order to promote potential health benefits with an acceptable risk of injury. Given this conclusion, seeking an improved understanding of the motivations behind masters athletes is justified. It was found there were some differences in motivations between males and females and also socialisation was one of the biggest motivating factors. Socialisation was in fact a greater motivating factor for obese than for non-obese athletes.
Conclusion
Health care professionals encourage physical activity and more specifically exercise adherence as a countermeasure to many chronic diseases and as a mechanism for successful aging. A record of demographical data, including several indices of health (smoking, drinking, incidence of chronic disease/disorder, surgical procedure, Rx'd medication, injury history) was successfully collected for a large representative sample of athletes who participated in the SWMG. The data reported and analyzed during this study suggests that the exercise adherence associated with competitive masters sport may reduce the incidence of many common chronic diseases in masters athletes. The scientific community may draw from these results a deeper understanding of various health related parameters affecting masters athletes as well as others that have demonstrated long-term exercise adherence across the lifespan. This data will allow a detailed understanding of significant factors affecting this unique cohort as well as potential health implications for long-term exercise adherence as recommended by health professionals.
